Background Osteochondritis dissecans (OCD) has been defined as a localized process in which a focus of subchondral bone and adjacent articular cartilage separates from the surrounding bone. With the knee being the most common location for OCD development and the propensity for this lesion to be found in those who participate in sports, a repetitive microtrauma hypothesis for its cause has gained favor. However, the cause of OCD remains controversial, as does the most appropriate treatment for the varying degrees of OCD lesions. Case Description We present a unique case of three OCD lesions in one knee. The patient was a young, athletic boy who developed three separate OCD lesions in his right knee over the course of 4 years. Temporally, the OCD lesions developed first in the lateral femoral condyle, then in the medial femoral condyle, and finally in the trochlea. Literature Review Our literature review yielded a few reports of bicondylar OCD lesions. We identified no previous reports of three separate OCD lesions found in a single joint. Purposes and Clinical Relevance This report illustrates how a uniquely affected knee with three OCD lesions was treated in three different ways with resolution of symptoms. Each of the OCD lesions was evaluated individually and treatment for each based on the severity of the lesion from the physical examination, imaging studies, and arthroscopic findings.
Introduction
Osteochondritis dissecans (OCD) is an uncommon joint condition most commonly affecting the knee, which is the joint implicated in almost 75% of cases [7] . Reported incidence rates based on knee radiographs vary widely, from only 0.0003% [9] to as high as 4% [2] . Yearly incidence of OCD is reportedly between 0.02% and 0.03% [4] with a ratio of 2:1 when comparing rates of males to females [9] . The recently noted increase in incidence rates and the decrease in the male-to-female ratio have been attributed to the growing popularity of youth sports for both sexes [2] .
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Bilateralism is reported in 15% [4] to 40% [16] of patients with OCD lesions of the femoral condyle. Multiple lesions within one knee, on the other hand, are extraordinarily rare. There have only been two reported cases of such bicondylar defects [7] . We describe a unique case of a patient who developed three separate OCD lesions within the same knee: one lesion of the lateral femoral condyle (LFC), one lesion of the medial femoral condyle (MFC), and one lesion of the trochlea.
Case Report
A 15-year-old boy had been experiencing intermittent right knee pain for several years. At age 11 years, the patient presented to another orthopaedic surgeon with lateral knee pain. He was first diagnosed with an OCD lesion of the LFC. He was treated with nonweightbearing for 10 weeks. Subsequently, he wore a hinged knee brace (varus unloader) for 2 years. Radiographs from this time period suggested healing of this lesion as the radiodensity of the progeny fragment gradually increased to the radiodensity of the parent bone ( Fig. 1 ). His pain resolved. He played basketball and baseball (except catcher) without difficulty. At age 15 years 6 months, about 1 month before presentation to the senior author (JLC), the patient began to experience popping, swelling, and a sense of instability. At this point, the knee pain localized primarily medially.
The symptoms were aggravated by cutting and pivoting maneuvers. On physical examination, right knee ROM was 0°to 130°. There was a small effusion. Radiographs of the right knee demonstrated an OCD lesion of the MFC ( Fig. 2A ). The boundary between the progeny fragment and parent bone was radiolucent and distinct. The distal femoral and proximal tibial physes remained open. MRI of the right knee again demonstrated an OCD lesion of the MFC (Fig. 2B-C ). There was a change in articular cartilage contour at the margin of the lesion. There was curvilinear high signal at the boundary between the progeny fragment and parent bone, which possibly extended to the articular surface. The normalized length of this lesion was 0.35 (26 mm/75 mm), and the normalized width was 0.27 (26 mm/97 mm). Of note, this lesion of the MFC could be seen on the previous radiographs ( Fig. 1 ).
In addition, MRI revealed an approximately 32-mm proximal-distal and 22-mm medial-lateral OCD lesion of the lateral aspect of the trochlea (Fig. 3A-B ). There was a 3-to 4-mm bony deficit between the progeny fragment and parent bone. Interestingly, this defect was likely to have developed between ages 14 and 15 years, since it was not visualized on the prior lateral radiographs ( Fig. 3C ) but was easily visualized on the radiographs at presentation (Fig. 3D ).
The OCD lesion on the MFC did not appear stable, due primarily to the curvilinear high signal at the boundary between the progeny fragment and parent bone, which Of note, an OCD lesion of the MFC can also be seen in these images (black arrows), which appears to become less radiodense and to enlarge somewhat over this time period. Three OCD Lesions in One Knee 1187 possibly extended to the articular surface. Unstable OCD lesions are generally regarded to have a lower healing potential than stable OCD lesions. Therefore, the family was told the probability of healing the MFC lesion and trochlea lesion with nonoperative management was likely substantially less than 10%. Consequently, the surgeon discussed with the family the risks, benefits, and alternatives to surgical arthroscopy of the right knee with evaluation of the stability of both OCD lesions, possible biopsy of cartilage (for possible subsequent autologous chondrocyte implantation), and possible drilling, as well as possible right distal femur open repair of OCD nonunion with ipsilateral proximal tibia autogenous bone graft and internal fixation. The family decided to proceed with this treatment course. With respect to the OCD lesion of the LFC, arthroscopic evaluation revealed no notable chondral defects ( Fig. 4 ). Specifically, there was no appreciable evidence of the healed OCD lesion of the LFC.
With respect to the OCD lesion of the MFC, arthroscopic evaluation revealed an approximately 25-mmdiameter OCD lesion on the lateral aspect of the extension surface of the MFC (Fig. 5 ). There was a definite change of the articular cartilage contour at the margin of this lesion. The lesion was ballotable anteriorly and medially (Fig. 5A ). An arthrotomy was sharply established from the proximal aspect of the patella to the superior aspect of the medial meniscus. A freer was placed along the medial margin of the OCD lesion. The lesion easily opened like a trap door, remaining hinged laterally (Fig. 5B ). The fibrous tissue at the interface of the progeny and parent bone was removed. The sclerotic rims of the progeny fragment and of the parent base were removed with a bur. The margins of the base of the lesion were drilled with a 2-mm pin to stimulate healing. Autogenous bone graft was then placed under the OCD trap door (Fig. 5B ). The trap door was closed. The OCD fragment was secured with two variablepitch screws (Herbert/Whipple 1 bone screws; Zimmer, In, Warsaw, IN, USA) ( Fig. 5C ). Fibrin sealant (Tisseel 1 ;
Baxter International Inc, Deerfield, IL, USA) was applied to the articular cartilage interface of the parent and progeny to seal the healing bone from the synovial fluid ( Fig. 5D ).
With respect to the OCD lesion of the trochlea, arthroscopic evaluation revealed a 20-mm medial-lateral by 30-mm proximal-distal OCD lesion of the lateral aspect of the trochlea. The articular cartilage was grossly unstable yet hinged medially ( Fig. 6A-B ). This cartilage was determined to be nonfunctional and nonsalvageable. The chondral fragments were resected and the fibrous tissue was curetted until healthy bone was visualized circumferentially. Subsequently, the drill was utilized to create multiple holes in the parent bone of sufficient depth to allow marrow cells to enter into the defect. The bony defect was most pronounced inferiorly (approximately 5 mm deep). This region was packed with autogenous bone graft (Fig. 6C ). Fibrin sealant (Tisseel 1 ) was carefully applied to the bone graft to seal the healing bone from the synovial fluid and prevent migration of the autograft material.
In light of the size and location of the OCD lesion of the trochlea, autologous chondrocyte implantation was considered to be a possible salvage procedure in case of clinical failure of the drilling and bone grafting. Two fullthickness articular cartilage biopsies were harvested and sent to the proper destination. The patient strictly adhered to the postoperative protocol for patellofemoral cartilage repair. Specifically, he ambulated with crutches and a knee brace locked in full extension (to avoid shear stress across the patellofemoral joint) for 6 weeks. The weightbearing progression involved nonweightbearing for 4 weeks, then partial weightbearing for 2 weeks, and full weightbearing after 6 weeks. ROM was limited as follows: 0°to 30°for 2 weeks, 0°to 90°for 2 weeks, and then 10°of additional flexion per week. At 6 months postoperatively, the patient was permitted to return to low-impact activities (including brisk walking and swimming). At 9 months, he was permitted to return to higher-impact activities (including jogging and then running).
At 1-year followup, the patient reported he was doing well in general. He experienced essentially no pain. The preoperative pain completely resolved. The knee was gliding well. The patient denied any swelling. He was running and hitting baseballs without difficulty. On physical examination, right knee ROM was 0°to 135°. There was no point tenderness. There was no appreciable effusion. Radiographs of the right knee demonstrated healing of the MFC OCD lesion, with the boundary between the progeny fragment and parent bone nearly nondistinct (Fig. 7) . In addition, the radiodensity of the subchondral bone of the trochlear OCD was the same as the surrounding parent bone.
Discussion
Approximately 85% of OCD cases in the knee manifest in the MFC, the main weightbearing surface [1] . The lateral aspect of the MFC, seen in 51% [4] to 74% [1] of cases, is thus referred to as the classical or extended classical position. Of the remaining patients, 13% experience lesions of the LFC and only 2% exhibit defects in the trochlear notch [1] . These much more uncommon lesions of the LFC are reportedly associated with the presence of an intact discoid meniscus, with the exact location varying with complete or incomplete discoid and any evidence of meniscal tears [5] .
In 2008, Hanna et al. [7] described two patients with unilateral, bicondylar femoral OCD. Both patients were male; one was skeletally immature while the other was skeletally mature. Neither patient reported a specific history of trauma on initial presentation for knee pain. Both patients underwent autologous chondrocyte implantation of the LFC lesions; however, the MFC lesions were not treated operatively at the time of the report, yet the author noted repair would follow [7] .
Identical twin studies have shown male pairs who developed OCD of the MFC, one set with matching lesions in the left knee [10] and the other set with bilateral lesions [11] , indicating a strong genetic component. Previous studies have also shown what appears to be a genetic Three OCD Lesions in One Knee 1189 linkage with a Mendelian inheritance pattern [8, 12, 14] .
Researchers have identified a mutation in the ACAN gene, which is important for cartilage function, as responsible for dominant familial OCD [17] . This dominant inheritance is easily seen in some cases, such as a family in which a mother and three of her four daughters all developed bilateral OCD [15] . Conversely, earlier studies such as that of Petrie [13] refute the idea that OCD is a familial inherited disorder but rather suggest it is a ''…disorder produced by different etiologies.'' Interestingly, the aforementioned studies provide a peculiar juxtaposition of the genetic component of OCD. Until larger, more robust pedigree analysis is performed, it is likely the repetitive microtrauma cause for OCD etiology will be favored. This case of three OCD lesions developing unilaterally in one knee is a unique clinical presentation of OCD and has never been described previously. This case highlights the different treatment for each OCD lesion: nonoperative treatment for the lesion of the LFC; bone grafting and fixation for the salvageable lesion of the MFC; and resection of the nonfunctional progeny tissue, bone grafting, and drilling of the unsalvageable lesion of the trochlea. The subsequent development of a MFC OCD lesion after using a varus unloader brace is unique and lends itself to the hypothesis described by others [3, 6, 18] that repetitive stress or microtrauma to the knee may contribute to the development of an OCD lesion. Specifically, the partial redistribution of weight from the LFC to the MFC may have contributed to the development of the MFC OCD lesion that followed. 
